Synthesis of graphene using CVD process: The synthesis was performed using an one inch tube-type furnace CVD system equipped with a quartz tube to protect samples from direct contact to heating coils. Cu foil (0.025 mm thick, 99.8 % purity, Alfa Aesar) was placed at the center of the furnace. The reaction was carried out for 30 min at 1000 o C while introducing 30 sccm of CH 4 and 20 sccm of H 2 at a total pressure of ~5 torr. After reaction was completed, the sample was cooled down to room temperature by opening the cover of furnace under 20 sccm of H 2 at a total pressure of ~2 torr.
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Supplementary Information
Fast benchtop visualization of graphene grain boundaries using adhesion property of defects 
Preparation of samples
Synthesis of graphene using CVD process: The synthesis was performed using an one inch tube-type furnace CVD system equipped with a quartz tube to protect samples from direct contact to heating coils. Cu foil (0.025 mm thick, 99.8 % purity, Alfa Aesar) was placed at the center of the furnace. The reaction was carried out for 30 min at 1000 o C while introducing 30 sccm of CH 4 and 20 sccm of H 2 at a total pressure of ~5 torr. After reaction was completed, the sample was cooled down to room temperature by opening the cover of furnace under 20 sccm of H 2 at a total pressure of ~2 torr. 
Calculation Methods
The PBE functional is used with the Tkatchenko-Scheffler dispersion correction implemented in FHI-AIMS. The tier 2 basis on light atomic grids is employed for relaxation, whereas tight atomic grids are employed for single point calculations. The Tkatchenko-Scheffler scheme determines atomic dispersion coefficients based on Hirshfeld partitioning, allowing accurate prediction for any type of molecular assemblies, in contrast to other dispersion schemes which fix the coefficients.
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Raman spectra: As oxidation power increased, the G band of graphene shows the blue shift from 1587.8 cm -1 to 1593.96 cm -1 (basic) and 1596 cm -1 (acidic). The 2D band also shows blue-shifted. These blue shifts indicate the oxidation of graphene 2 . As oxidation power increases, the D band is intensified. Figure 3S . Raman spectra of Graphene/Cu after 10 days exposure to oxygen in air (black), basic permanganate treatment (red), and acidic permanganate treatment (blue), respectively. 
XPS Spectra: XPS shows the functional groups formed on the surface of graphene and copper, which were analyzed by full survey spectra both before and after permanganate treatment Graphene/Cu ( Figure 3S ). Clean copper shows the presence of the C1s peak (284.3 eV) and Cu2p peak (932.3 eV, 952.16 eV). Deconvolution of the sample after permanganate treatment shows the presence of oxidation of both copper and carbon (peaks of carbon C1s 287.9 eV, 292.6 eV, 295.5 eV and copper Cu2p 933.9 eV, 943.7 eV). However, the intensities of additional peaks were very low compared with graphene oxide 3 or copper oxide 4 , which implies that only a partial area was oxidized. The surface atomic percent ratios of C, O, and Cu were calculated from the corresponding peak areas of the XPS spectra and are summarized as a table in Figure 3S . The ratio of oxygen is significantly increased from 12.87% to 30.17%. 
